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1976. -Lactating white rats (Rattus norvegicus) were subjected to metabolic and respiratory acidosis and metabolic alkalosis. Before and during the various treatments, the acid-base status of heart blood and milk was determined. Acute metabolic acidosis lowered the pH of plasma and milk; Pco2 and bicarbonate concentrations in plasma were lowered, and in milk Pco2 was raised and the bicarbonate concentration remained unchanged. Respiratory acidosis and acetazolamide caused a drop in blood pH and in blood and milk bicarbonate concentrations; milk pH remained unchanged, but Pco2 was raised in both plasma and milk. Acute metabolic alkalosis raised the blood pH and milk Pco,; plasma Pco,, milk pH, and bicarbonate concentrations in blood and milk remained unchanged. The data show that greater changes occur in acid-base parameters of blood than milk when animals are exposed to acidifying and alkalinizing stimuli. lactation; bicarbonate concentration; Pco,; pH MILK IS GENERALLY CONSIDERED an intracellular fluid (ICF) (13, 14) , although this view has been disputed (21) . Much research in acid-base status has been done on blood, muscle, brain, and cerebrospinal fluid (1, 10, 11, 17, 18) . In the healthy mammal, blood acid-base status is constant within relatively narrow limits that are maintained by the lungs and kidneys. Studies of ICF are not as comprehensive as those of extracellular fluids (ECF) although the ICF makes up over 50% of the total body water (TBW). The lactating rat can secrete over 6% of its body weight in milk per day and any gross changes in the blood acid-base status might be expected to tie& the milk acid-base parameters. The suckling animals would then be exposed to changes in milk bicarbonate concentrations and this might have adverse affects on the acid-base status of the suckling young with immature kidneys, which are known, for example, to be unable to respond adequately to acid loading (6) . Moreover, if the pH of milk inside the lactating breast were to fall to 6 or lower, precipitation of gamma-casein and la&globulin would occur with resultant obstruction of the breast ductules (12) .
The influence of systemic changes in acid-base status on milk acid-base parameters in the laboratory animal has not yet been reported. This work examines the effect of acute metabolic acidosis and alkalosis, as well as acute respiratory acidosis on base parameters of lactating 1 METHODS the blood and milk acidaboratory rats.
White rats of the We&man Institute strain maintained at a temperature of 22OC were used. They were given standard rat chow and water ad libitum.
The animals were in their first lactation and each dam suckled 10 pups. The animals were handled each day for 2 wk prior to the experiment to prevent. anxiety during the experiment. Between the 10th and 15th day of lactation, the dams were separated from their pups for 8 h prior to milking.
Milk was obtained by manual stripping of the six . cephalad teats into capillary glass tubes t&d iometer, Copenhagen), which were immediately sealed with putty and placed in ice-saline slush. Prior to milking, each rat w& injected with 0.1 IU oxytocin intraperitoneally in order to obtain a better "let down" of milk. The technical aspects of collection of milk anaerobically from rats are formidable.
It is not practicable to milk rats under oil as the six cephalad teats each yield a quantity of approximately 180 ~1 of milk, which --is enough to fill three Radiometer glass capillaries. The technique employed WaS similar to that in use for the clinical sampling of arterialized capillary blood for pH, PC%, and Ph, described in the Radiometer (Copenhagen) handbook. The use of oxytocin injections enabled more rapid milking.
In a series of experiments L on control animals no difference in pH was found compared with milk obtained without oxytocin. Furthermore there was no difference in the DH between each of the cephalad teats tested. Because of the small quantities of milk produced by each teat, it was not possible to measure PCo, and pH on the same capillary &be of milk. The range of Pco2 on each of the three samples measured was always within 2 mmHg, the mean result of the Pco2 being used for calculation.T'he pH was always constant in the three samples taken to within 0.01 pH units and the mean result was again expressed. Arterial blood was obtained by 1eR ventricular puncture under anaerobic conditions without anesthesia. The acid-base measurements were made within 30 min. Pcop and pH were measured directly with Pcop follows. The milk was dried in an oven at 63OC for at least 2 days,until a steady dry weight was obtained. The dried milk residue was agitated thoroughly with ether and allowed to stand for a day. The supernatant was removed with a Pasteur pipette and then the residue was dried overnight in an oven at 63°C. This was repeated until a steady weight was reached. The quantity of fat present was defined as the difference between the dry weight and the weight after ether extraction. The control. bicarbonate did not change. Rats given acetazolamide in a dose of 50 and 250 mg/ kg body weight had a significant fall in blood pH (P < O.OOl), while the Pco2 rose significantly (P < 0.001). The calculated blood bicarbonate did not change significantly. The milk pH fell slightly (P c 0.3), the Pco2 rose significantly (P < O.OOl), and the calculated milk bicarbonate increased slightly (P < 0.2). b) Respiratory acidosis. When the rats breathed 8% CO, the arterial blood pH fell significantly (P < O.OOl), the Pco2 rose significantly (P < 0.005)) and the bicarbonate fell insignificantly (P < 0.2). In milk the pH rose slightly (P < 0.3), the Pco2 significantly (P < 0.05), and the bicarbonate insignificantly (P c 0.5). When sodium bicarbonate was administered in a dose of 5 meq/kg the blood pH rose significantly (P < O.OOl), the Pco2 fell slightly (P c 0.2), and the bicarbonate rose slightly (P c 0.2). Milk pH, Pco~, and bicarbonate values rose slightly (P c 0.5, P < 0.8, P < 0.6, respectively).
d) Fat content of milk. The percent of water and fat in the whole milk as well as the percent of fat in the dry matter are given in Table 4 . There were no significant changes in any of the parameters with the various treatments.
Postmortem examinations performed on 20 rats after they were sacrificed at the end of the experiment showed no pathological changes in the pericardium, heart, lungs, or peritoneal cavity.
DISCUSSION
The pH of rat milk is fairly constant despite gross fluctuations in systemic arterial pH. Only after ammonium chloride administration was the pH of milk af== fected. Similarly milk bicarbonate concentrations change slightly when there are gross systemic changes. Possibly the changes in acid-base balance in milk occur only after more prolonged changes in systemic acid-base values. This would be similar to the slow changes in pH of the CSF that take place after systemic acid or base loading (11). The importance of the maintenance of a constant pH of milk inside the breast is clear as at least two milk proteins precipitate at a pH of 6 (12). Precipitation of milk protein inside the ductules of the breast could cause obstruction to the passage of milk secreted in the alveoli, resulting in the suppression of lactation and death of the young. Thus the maintenance of a constant pH in the milk despite systemic acid-base disturbances is of prime importance to the survival of mammals.
The maintenance of a relatively constant milk bicarbonate concentration prevents excessive or reduced quantities of sodium bicarbonate being absorbed by the gut of the suckling young when the premature kidney is unable to compensate adequately for even minor acid or sodium loads (4, 6-8, 15, 9, 18) .
The maintenance of high Pco2 in the milk is noteworthy. The milk ducts are able to maintain a high intraductal Pco2 (103 mmHg) at a time when the plasma PCO* is of the order of 75 mmHg, i.e., a gradient of about Acid-base equilibrium between blood and cerebrospinal fluid in acute hypercapnia. J. A&. 28 mmHg. The presence of a gradient between a viscus and the blood Occurs elsewhere in the body and is by no means unique to the lactating breasts (3): It is gbssibl'e that if blood and milk .had been collected'tihile still in the CO, chamber the Pco2 values wotild have been . much higher. As it is, removing the animals. from' the chamber undoubtedly reduces the PCO, of blood slightly because it is taken within 1 or 2 s af&r removal of the animals from the chamber. Milk, on the other hand, takes several minutes to obtain and the Pcoi would have been possibly higher were samples obtained within the CO, chamber. This could explain why the changes in blood are highly. significant (blood being taken directly after the exposure) and the milk only significant (time elapse for milking).
The data indicate that CO, trapping due to inhibition of red cell carbonic anhydrase is the main effect of acetazolamide. This is to be expected in view of the very high doses and the short lapse of time after their administration.
A cogent point is that the accumulated milk inside the ducts, from the previous milking, could influence the results of the acidotic or alkalotic stimulus. Also, because of the relatively short time of action of the various stimuli, it is possible that if multiple injections had been used greater changes in the parameters would have been found. The bicarbonate calculation is based on the assumption that CO, is equally soluble in milk, water, and fat. This is outside the scope of this paper, but because milk fat content does not change with any of the treatments given, the error introduced by this assumption is constant and does not' affect the conclusions, although the bicarbonate figures must be considered relative and not absolute.
No direct evidence about the intracellular origin of .milk has been obtained in the present work. In favor of an intracellular origin for milk are the following facts, all of them, however, indirect and inconclusive: 1) the mean pH of milk obtained anaerobically from the normal rat teat is 6.74; 2) bicarbonate levels are lower intracellularly then in extracellular fluid (20) and thus the low bicarbonate concentrations in the milk would tend to support the intracellular origin of milk.
